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(57) ABSTRACT 

A charging system of the present invention is connectable to 
a power grid having a monitoring device. The monitoring 
device monitors the power delivered to a plurality of loads 
and determines a power factor and a power factor correction 
value associated with the loads. The power factor correction 
value indicates the difference between the power factor and 
unity. The charging system includes an electrical device, a 
charger in communication with the electrical device, a charg 
ing controller, a power factor correction circuit, a communi 
cation device, and a controller. The communication device of 
the charger receives a data signal from the monitoring device 
indicative of the power factor correction value associated 
with the plurality of loads. The power factor correction circuit 
is configured to communicate an input current to and from the 
power grid, which adjusts the power factor of the associated 
loads to about unity. 
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POWER FACTOR CORRECTION SYSTEM 

FIELD 

0001. The present disclosure relates to a charging system 
connectable to a power grid, and more particularly to a charg 
ing system configured to deliver or draw an input current to or 
from the power grid to adjust a power factor. 

BACKGROUND 

0002 The statements in this section merely provide back 
ground information related to the present disclosure and may 
or may not constitute prior art. 
0003. The power factor can be an important aspect to 
consider in an AC power distribution system. The power 
factor is a ratio of the real power to the apparent power, and is 
usually a value between 0 and 1. As the power factor 
approaches 1 the reactive or nonworking power approaches 0, 
which means that less energy in the power distribution system 
is being wasted. Having a low power factor that is signifi 
cantly less than 1 may cause several issues. For example, 
more current is required to deliver the same amount of energy, 
and the power delivered to other loads in the power distribu 
tion system can be distorted due to the low power factor. 
Moreover, the power distribution system may need to be 
oversized to accommodate the reactive power generated due 
to the low power factor. 
0004 As a result, utility companies sometimes require 
that consumers maintain a power factor within a specified 
limit or be subject to a power-factor Surcharge. A power 
factor Surcharge is a fee that the utility company charges if the 
average monthly power factor falls below a certain amount, 
which is usually about 0.95. Although power factor Sur 
charges usually apply only to commercial consumers who 
consume large amounts of power, it is becoming more com 
mon to also charge residential consumers with the power 
factor Surcharge as well. Therefore, there is an increased need 
for consumer products that reduce energy costs and improve 
efficiency. 

SUMMARY 

0005. A charging system connectable to a power grid hav 
ing a monitoring device is provided. The monitoring device 
monitors the power delivered to a plurality of loads and deter 
mines a power factor and a power factor correction value 
associated with the loads. The power factor correction value 
indicates the difference between the power factor and unity. 
The charging system comprises an electrical device, a charger 
in communication with the electrical device, a charging con 
troller, a power factor correction circuit, a communication 
device, and a controller. 
0006. The charger supplies power to the electrical device, 
where the charger Supplies an output Voltage to the electrical 
device. The charging controller is in communication with the 
charger and the electrical device, where the charging control 
ler calculates a target output signal from the charger to the 
electrical device. The power factor correction circuit is selec 
tively connectable to the power grid and is configured to 
communicate an input Voltage and an input current to the 
charger from the power grid. The power factor correction 
circuit is configured to communicate the input current from 
the electrical device to the power grid. The communication 
device is configured to receive a data signal from the moni 
toring device, where the data signal is indicative of the power 
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factor correction value associated with the plurality of loads 
monitored by the monitoring device. The controller is in 
communication with the power correction factor circuit, the 
communication device, the charging controller, and the 
charger. 
0007. The charger includes a first control logic for moni 
toring the input Voltage, the input current, the output Voltage, 
the target output signal, and the data signal indicative of the 
power factor correction value from the communication 
device. The charger further includes a second control logic for 
calculating a target input current that adjusts the power factor 
to unity, where the target input current is dependent on the 
input Voltage and the power factor correction value. The 
charger includes a third control logic for calculating a con 
troller command signal that is communicated to the power 
factor correction circuit, where the controller command sig 
nal is based on the target input current, the output Voltage and 
the target output signal. The charger includes a fourth control 
logic for commanding the power factor correction circuit to 
change the input current to a value that causes the power 
factor to change to about unity. 
0008. In an embodiment of the present invention, the con 
troller includes a fifth control logic for calculating an 
achieved power factor correction of the power grid that is 
based on the power factor and the power factor correction 
value. The achieved power factor correction is created by the 
power factor correction circuit changing the input current to 
the value that causes the power factor to change to about unity. 
0009. In another embodiment of the present invention, the 
achieved power factor correction indicates the duration and 
amount of input current that is communicated to and from the 
power grid. 
0010. In another embodiment of the present invention, the 
controller command signal is based on a charging mode of the 
charger. 
0011. In an embodiment of the present invention, the elec 

trical signals indicating the power factor correction value are 
one of Broadband Over Power Line (BPL), Power Line Com 
munications (PLC), Fixed Radio Frequency (RF) networks, 
wireless networks, and public networks. 
0012. In another embodiment of the present invention, the 
monitoring device is one of a Smart meter and a utility AMI. 
0013. In yet another embodiment of the present invention, 
the communication device is configured to receive electrical 
signals from the monitoring device indicating a relative mag 
nitude of a harmonic distortion current of the power grid. 
0014. In an embodiment of the present invention, the con 
troller and the power factor correction circuit are integrated 
into a single module. 
0015. In another embodiment of the present invention, the 
electrical device is one of a rechargeable NiCd battery, a 
nickel metal hydride battery, and a lithium ion battery. 
0016. In an embodiment of the present invention, the tar 
get output signal is one of a target output Voltage and a target 
output current. 
0017. In yet another embodiment of the present invention, 
the power grid is a residential utility system. 
0018. In an embodiment of the present invention, the 
monitoring device of the power gridis in communication with 
a second power grid including a second monitoring device, 
wherein the second electrical power system includes a second 
power factor. 
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0019. In another embodiment of the present invention, the 
power correction factor circuit of the power grid adjusts the 
second power factor of the second power grid to be about 
unity. 
0020. In yet another embodiment of the present invention, 
a method of correcting a power factor in a power grid by a 
charging system is provided. The method includes the step 
connecting the power grid to the charging system. The 
method further includes the step of monitoring the power 
delivered to a plurality of loads by a monitoring device of the 
power grid, where the monitoring device determines a power 
factor and a power factor correction value associated with the 
loads. The power factor correction value indicates the differ 
ence between the power factor and unity. The method further 
comprises the step of transmitting a data signal from the 
monitoring device to a communication device of the charging 
system that is configured to receive the data signal. The data 
signal is indicative of the power factor correction value asso 
ciated with the plurality of loads monitored by the monitoring 
device. The method also includes the step of delivering an 
input Voltage and an input current to the charging system 
through a powerfactor correction circuit and to a charger. The 
power factor correction circuit is configured to communicate 
the input current to and from the power grid. The method 
further comprises the step of Supplying power from the 
charger to a electrical device, where the charger Supplies an 
output Voltage to the electrical device. A charging controller 
that is in communication with the charger and the electrical 
device calculates a target output signal from the charger to the 
electrical device. The method further includes the step of 
monitoring the input voltage, the input current, the output 
Voltage, the target output signal, and the data signal indicative 
of the power factor correction value from the communication 
device by a controller. 
0021. The method includes the step of calculating a target 
input current by the controller. The target input current adjusts 
the power factor to unity, where the target input current is 
dependent on the input voltage and the power factor correc 
tion value. The method further includes the step of calculating 
a controller command signal that is communicated from the 
controller to the power factor correction circuit, where the 
controller command signal is based on the target input cur 
rent, the output Voltage and the target output signal. The 
method also includes the step of controlling the power factor 
correction circuit to cause the power factor correction circuit 
to change the input current to a value that causes the power 
factor to change to about unity. 
0022. In an embodiment of the present invention, the 
method further comprises the step of calculating an achieved 
power factor correction of the power grid based on the power 
factor and the power factor correction value. The achieved 
power factor correction is created by the power factor correc 
tion circuit changing the input current to the value that causes 
the power factor to change to about unity. 
0023. In another embodiment of the present invention, the 
method further comprises the step of basing the controller 
command signal on a charging mode of the charger. 
0024. Further areas of applicability will become apparent 
from the description provided herein. It should be understood 
that the description and specific examples are intended for 
purposes of illustration only and are not intended to limit the 
Scope of the present disclosure. 

DRAWINGS 

0025. The drawings described herein are for illustration 
purposes only and are not intended to limit the scope of the 
present disclosure in any way. 
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0026 FIG. 1 is a diagram of a power grid connected to a 
vehicle charger, where the power grid is a single premise; 
0027 FIG. 2 is a diagram of an embodiment of a power 
grid connected to a vehicle charger, where the power grid 
includes a plurality of premises connected to a collector, 
0028 FIG. 3 is a diagram of an embodiment of a power 
grid connected to a plurality of vehicle chargers, where the 
power grid includes a plurality of collectors that are con 
nected to an electrical Substation; and 
0029 FIG. 4 is a diagram of an embodiment of a power 
grid where a power plant includes a plurality of chargers. 

DETAILED DESCRIPTION 

0030 The following description is merely exemplary in 
nature and is not intended to limit the present disclosure, 
application, or uses. With reference to FIG. 1, a diagram of an 
electrical power grid is generally indicated by reference num 
ber 10. The power grid 10 includes a utility signal source 12 
and at least two loads 14. In the embodiment as illustrated, the 
power grid 10 is a single building or premise, where a single 
power source distributes power throughout the building. 
Those of skill in the art will appreciate that the power grid 10 
may be any type of electrical power system used to distribute 
electricity throughout the building, Such as, for example, an 
electrical power system of an industrial or a residential build 
1ng. 
0031. The utility signal source 12 receives electrical 
power from a distribution grid (not shown) of an electrical 
power system, and delivers electrical power to each of the 
loads 14. The loads 14 may represent any type of device that 
consumes electrical power including, but not limited to, an 
electrically powered clothes washer, a hair dryer, or an elec 
trically powered stove. A power factor of the power grid 10 is 
created by the loads 14 drawing power from the power grid 
10. The power factor is a ratio of the real power to the apparent 
power of the power grid 10, and is a value between 0 and 1. A 
load 14 with a low power factor draws more current than a 
load with a high power factor for the same amount of electri 
cal power transferred. A higher current drawn by the load 14 
having a low power factor increases the amount of energy lost 
in the power grid 10. Therefore, a high power factor (typically 
about 0.95 to about unity) is usually desired. 
0032. A monitoring device 16 is connected to the utility 
signal source 12 and is used to collect data regarding the 
amount of electrical power that the power grid 10 consumes. 
Some of the parameters the monitoring device 16 measures 
include, but are not limited to, the power factor, a power factor 
correction value, and a relative magnitude of a total harmonic 
distortion current of the power grid 10. The power factor 
correction value indicates the difference between the actual 
power factor created by the power grid10 and unity. The total 
harmonic distortion current is the change in the waveform of 
the current in the power grid 10 from an ideal sinusoidal 
waveform. A high total harmonic distortion current can over 
heat the power grid 10, and potentially lead to failure of one 
of the loads 14. Thus, it is usually desirable to have the total 
harmonic distortion current be about 0. 
0033. The monitoring device 16 transmits the collected 
data as electrical data signals through a network 18. The 
network 18 may be any type of communication network for 
delivering and receiving data signals, such as, for example, 
Broadband Over Power Line (BPL), Power Line Communi 
cations (PLC), Fixed Radio Frequency (RF) networks, wire 
less networks, and public networks (such as landline, cellular, 
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and paging). In one embodiment, the monitoring device 16 is 
a utility advanced metering infrastructure (AMI) device, 
where the AMI device measures, collects and analyzes energy 
usage from an electrical meter (not shown) of the power grid 
10. Alternatively, in another example the monitoring device 
16 is a Smart meter that monitors electrical consumption in 
more detail than a conventional electrical meter. Although 
AMI devices and smart meters are discussed, one of skill in 
the art will appreciate that the monitoring device 16 may be 
any device that monitors the power factor, the power factor 
correction value, and the total harmonic distortion current of 
the power grid 10, and transmits the data signals indicative of 
same over the network 18. 

0034. One of the loads 14 is a charging system 20 connect 
able to the power grid 10. In one example, the charging 
system 20 is part of a plug-in electric vehicle including a 
rechargeable energy device. In the embodiment as illustrated, 
the electrical device is an energy storage device 34 such as, for 
example, a battery. The charging system 20 is selectively 
connectable to the power grid 10 by an electrical coupling 
(not shown). Such as, for example, a conductive coupling. The 
vehicle charging system 20 includes a powerfactor correction 
circuit 30, a charger 32, the energy storage device 34, a 
communication device 36, a charging controller 38, and a 
controller 40. 

0035. The power factor correction circuit 30 is an electri 
cal system that controls the amount of electrical current 
drawn by the charging system 20 to maintain the power factor 
of the power grid 10 to about unity. In the embodiment as 
shown, the charger 32 and the power factor correction circuit 
30 are integrated together as a single module. However, one of 
skill in the art will appreciate that the power factor correction 
circuit 30 may be a separate module from the charger 32 as 
well. The power factor correction circuit 30 may include 
circuitry Such as, but not limited to, a boost convertor, a buck 
convertor, or a buck-boost convertor. One commercially 
available example of a power factor correction circuit is the 
KVAR Power Factor 1200 manufactured by Save Energy 
LLC located in Hampton, N.J. 
0036. The power factor correction circuit 30 receives an 
input voltage V, and an input currentity from the power grid 
10. The power factor of the power grid 10 is adjusted by the 
input currenti, where the power factor correction circuit 30 
either delivers or draws the input current it to or from the 
power grid 10. The input currentity is controlled by the power 
factor correction circuit 30 such that a sinusoidal waveform of 
the input currentity is Substantially in phase with a sinusoidal 
waveform of an input voltage V, thereby causing the power 
factor to be about unity. The power factor correction circuit 30 
delivers the input voltage V, and the input current it from 
the power grid 10 to the charger 32. 
0037. The charger 32 is in communication with the energy 
storage device 34. Such that the charger 32 Supplies power to 
the energy storage device 34. Specifically, the charger 32 
Supplies an output Voltage Voto charge the energy storage 
device 34. In one embodiment, energy storage device 34 is 
any type of rechargeable battery such as, but not limited to, a 
NiCd battery, a nickel metal hydride battery, or a lithium ion 
battery. The energy storage device 34 may also be a battery 
pack that is a set of multiple batteries or battery cells in a 
series or parallel configuration. The charger 32 includes dif 
ferent charging modes depending on the energy storage 
device's 34 charge level. For example, the charger 32 could be 
in rapid charging mode if the energy storage device 34 needs 
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to be quickly charged, balancing mode if the energy storage 
device 34 is part of a multi-cell battery pack that needs to be 
equalized, or trickle charging if the energy storage device 34 
needs to be charged at the self-discharging rate to maintain 
full capacity. 
0038. The charger 32 and the energy storage device 34 are 
in communication with the charging controller38. The charg 
ing controller 38 is preferably an electronic control device 
having a preprogrammed digital computer or processor, con 
trol logic, memory used to store data, and at least one I/O 
peripheral. The control logic includes a plurality of logic 
routines for monitoring, manipulating, and generating data. 
The charging controller 38 monitors the charge level of the 
energy storage device 34 and the output voltage V. The 
charging controller 38 includes a control logic for calculating 
a target output signal from the charger 32 to the energy Stor 
age device 34. In one embodiment, the target output signal is 
a Voltage signal, and is illustrated as a target output Voltage 
Varget. The target output Voltage Virger is the amount of 
Voltage from the charger 34 needed to maintain at the energy 
storage device 34 at about full capacity. Alternatively, in 
another embodiment, the target output signal is a target output 
current is that is calculated by the charger 32. 
0039. The communication device 36 is preferably a bidi 
rectional electronic communication interface configured to 
send and receive data signals, and can be any type of elec 
tronic communication device Such as, for example, a vehicle 
communication module (VCM). The communication device 
36 sends and receives electrical data signals regarding the 
power grid 10 from the monitoring device 16 through the 
network 18. Specifically, the communication device 36 
receives a data signal from the monitoring device 16 that is 
referred to as a power factor correction data PFC. The 
power factor correction data PFC, includes information 
indicative of the power factor, the power factor correction 
value and the relative magnitude of a harmonic distortion 
current of the power grid 10. 
0040. The controller 40 is preferably an electronic control 
device having a preprogrammed digital computer or proces 
Sor, control logic, memory used to store data, and at least one 
I/O peripheral. The control logic includes a plurality of logic 
routines for monitoring, manipulating, and generating data. 
The controller 40 is incommunication with and monitors data 
signals 42 from the power factor correction circuit 30, the 
charger 32, the communication device 36, and the charging 
controller 30. Specifically, the controller 40 includes control 
logic for monitoring the data signals 42 indicative of the input 
currentity and the input Voltage Vyacross the charger 32, the 
target output signal calculated by the charging controller 38. 
a charge signal X from the charger 32 indicating the 
present charging mode of the energy storage device 34, and 
the power factor correction data PFC from the commu 
nication device 36. 

0041 Additionally, the controller 40 includes controller 
logic for calculating a target input current. The target input 
current is dependent on the input voltage Vy across the 
charger 32 and the power factor correction value that is 
included with the power factor correction data PFC from 
the communication device 36. The target input current repre 
sents the current needed to adjust the power factor of the 
power grid 10 to be about unity by controlling the waveform 
of the input current it to be generally in phase with the 
waveform of the input Voltage V. The target input current 
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also represents the current needed to adjust the input current 
ity Such that the total harmonic distortion current is about 0. 
0042. The controller 40 includes controller logic for cal 
culating a controller command signal X communi 
cated to the power factor correction circuit 30. The controller 
command signal Xovo is a data signal 44 based on the 
target input current, the output voltage Vor and the target 
output Voltage V. The controller command signal 
Xy instructs the power factor correction circuit 30 to 
change the input currentity to or from the power grid 10 to a 
value that causes the power factor of the power grid 10 to be 
about unity. Additionally, the input current it delivered or 
drawn from the power factor correction circuit 30 adjusts the 
total harmonic distortion of the input currentity to be about 0. 
A power factor of about unity will generate almost no reactive 
or nonworking power, which reduces energy costs. 
0043. The controller 40 optionally includes control logic 
for calculating the achieved power factor correction PFC 

of the power grid 10. The achieved power factor 
correction PFC., is calculated as the power factor 
correction circuit 30 either delivers or draws the input current 
ity to or from the power grid 10. For example, the communi 
cation device 36 receives the power factor correction data 
PFC from the monitoring device 16 through the network 
18, and sends the power factor correction data PFC to the 
controller 40. The controller 40 calculates the difference 
between the power factor of the power grid 10 to the power 
factor correction value. The difference between the power 
factor and the power factor correction value is the amount of 
achieved power factor correction PFC.. The control 
ler 40 sends a data signal 46 indicative of the achieved power 
factor correction PFC., to the communication device 
36. The communication device 36 sends the achieved power 
factor correction value PFC through the network 18 
and to the monitoring device 16. 
0044. The achieved power factor correction PFC 
indicates the duration and the amount of input currentity that 
is either delivered or drawn by or from the power grid 10. This 
information can be communicated from the monitoring 
device 16 to a utility company, where the utility can compen 
sate a consumer if there is more current delivered to the power 
grid 10 than drawn from the power grid 10. For example, the 
monitoring device 16 communicates the achieved power fac 
tor correction PFC, back to the utility company 
through a communication network Such as, for example, a 
wireless network or a public network (such as landline, cel 
lular, and paging). 
0045. The charging system 20 illustrated in FIG. 1 is used 

to correct the power factor of a power grid 10, where the 
power grid 10 represents a single premise Such as a residential 
or industrial building. The charging system 20 can also be 
used to bring the power factor of a neighboring premise to 
unity as well. For example, FIG. 2 is an illustration of a 
charging system 120 installed at a main premise 112, where 
the main premise may be a residential or an industrial build 
ing. The main premise 112 is connected to a plurality of other 
premises 114 by the power grid 110 through a collector 118. 
In the embodiment as shown, at least one premise 114 
includes a power factor that is less than 1, where the charging 
system 20 is used to bring the power factor to about unity. 
0046. The main premise 112 and the premises 114 each 
include a monitoring device 116 that sends and receives elec 
trical data signals, where the monitoring device 116 is a utility 
advanced metering infrastructure (AMI) device or a Smart 
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meter. The data signals indicate a power factor, a total power 
factor correction value, and a relative magnitude of a total 
harmonic distortion current created by the particular premise 
associated with the monitoring device 116, and is a power 
factor correction data PFC. The power factor correction 
data PFC, is sent to the collector 118 though a network 
170. 

0047. The collector 118 gathers time-based data regarding 
the premises 112 and 114 associated with the power grid 110 
though the network 170 by a collector monitoring device 172. 
The collector monitoring device 172 is preferably an elec 
tronic communication interface configured to send and 
receive data signals over the network 170. The collector 
monitoring device 172 includes a control logic for calculating 
an overall power factor of the power grid 110, an overall 
power factor correction value, and a relative magnitude of an 
overall total harmonic distortion current of the power grid110 
created by the main premise 112 and the premises 114. One 
example of a commercially available collector 118that can be 
used is the ALPHA Plus meter manufactured by Elster Solu 
tions in Raleigh, N.C. 
0048. The collector monitoring device 172 transmits data 
signals indicating the overall power factor of the power grid 
110, the overall power factor correction value, and the overall 
total harmonic distortion current of the power grid 110 over 
the network 170 to the monitoring device 116 of the main 
premise 112 as the overall power factor correction data 
OPFC. The monitoring device 116 of the main premise 
112 then communicates the overall power factor correction 
data OPFC to the charging system 120 though a network 
118. The power factor correction circuit 30 (FIG. 1) of the 
charging system 120 either delivers or draws the input current 
it to or from the collector 118 to adjust the overall power 
factor of the power grid 110 to be about unity. The collector 
118 then adjusts the power factor of each premise 114 to have 
a power factor that is about unity. 
0049. In yet another embodiment, a power grid 210 may 
include multiple premises 212 that each include a vehicle 
charger 220. A collector 218 is connected with each of the 
premises 212 as well as an electrical substation 200. The 
electrical substation 200 is connected to another collector 202 
that is connected to a separate premise 214 that has a power 
factor that is less than unity. In the embodiment as shown, the 
separate premise 214 is an industrial plant that is a consumer 
of significantly larger amounts of power when compared to 
each of the premises 212. 
0050. The premises 212 and the separate premise 214 each 
include a monitoring device 216 that sends and receives elec 
trical data signals, where the monitoring device is a utility 
advanced metering infrastructure (AMI) device or a Smart 
meter. The data signals indicate a power factor, a total power 
factor correction value, and a relative magnitude of a total 
harmonic distortion current created by the particular premise 
associated with the monitoring device 216, and is a power 
factor correction data PFC". The power factor correction 
data PFC" is sent to the respective collectors 202 and 218 
though a network 270. The collectors 202 and 218 each gather 
the power factor correction data PFC" from the respec 
tive premises 214 and 222, and send the associated data 
though the network 270 to the electrical substation 200. 
0051. The electrical substation 200 includes a substation 
monitoring device 272 that is preferably an electronic com 
munication interface configured to send and receive data Sig 
nals over the network 270. The substation monitoring device 
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272 includes a control logic for calculating an overall power 
factor of the power grid 210, an overall power factor correc 
tion value, and a relative magnitude of an overall total har 
monic distortion current of the power grid 210. 
0052. The substation monitoring device 272 transmits 
data signals indicating the overall power factor of the power 
grid 210, the overall power factor correction value, and the 
overall total harmonic distortion current over the network 270 
and to the monitoring devices 216 of the premises 212 as the 
overall power factor correction data OPFC". The moni 
toring device 216 of the premises 212 communicates the 
overall power factor correction data OPFC" to the 
respective charging system 220 though a network 218. The 
power factor correction circuit 30 (FIG. 1) of each charging 
system 220 either delivers or draws the input current it to or 
from the collector 218 to adjust the overall power factor of the 
power grid 210 to be about unity. 
0053. The charging systems 220 each adjust the overall 
power factor of the power grid 210 at the substation 200. The 
substation 200 then adjusts the power factor of the separate 
premise 214 though the collector 202 such that the power 
factor of the separate premise 214 is about unity. 
0054. In another embodiment, a power grid 310 may 
include a power plant 308 that includes several chargers 320. 
In this particular embodiment, the charging system320 is not 
part of a plug-in electric Vehicle, but is rather a stand-alone 
charging device. Moreover, the charging system 320 is uti 
lized at the power plant 308 rather than one or more separate 
premises. The charging system320 is used to bring the power 
factor of the power grid 310 to about unity. An electrical 
substation 300 is connected to the power plant 308 as well as 
at least one collector 302. The collector 302 is connected to 
several separate premises 314 that each have a power factor 
that is less than unity. 
0055. The premises 314 each include a monitoring device 
316 that sends and receives electrical data signals, where the 
monitoring device is a utility advanced metering infrastruc 
ture (AMI) device or a smart meter. The data signals indicate 
a power factor, a total power factor correction value, and a 
relative magnitude of a total harmonic distortion current cre 
ated by the particular premise associated with the monitoring 
device 316, and is a power factor correction data PFC". 
The power factor correction data PFC" is sent to the 
collector 302 though a network 370. The collector 302 gath 
ers the power factor correction data PFC" from the pre 
mises 314, and sends the associated data though the network 
370 to the electrical substation 300, and to the power plant 
3O8. 
0056. The power plant 308 includes a monitoring device 
372 that is preferably an electronic communication interface 
configured to send and receive data signals over the network 
370. The monitoring device 372 includes a control logic for 
calculating an overall power factor of the power grid 310, an 
overall power factor correction value, and a relative magni 
tude of an overall total harmonic distortion current of the 
power grid 310. 
0057 The collector monitoring device 372 transmits data 
signals indicating the overall power factor of the power grid 
310, the overall power factor correction value, and the overall 
total harmonic distortion current of the power grid 310 as the 
overall power factor correction data OPFC". The overall 
power factor correction data OPFC" is then communi 
cated to each of the charging systems 320 though a network 
318. The power factor correction circuit 30 (FIG. 1) of each 
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charging system320 either delivers or draws the input current 
it to or from the power plant 308 to adjust the overall power 
factor of the power grid 310 to be about unity. The charging 
systems 320 are used to adjust the overall power factor of the 
power grid 310 at the power plant 308. The power plant 308 
adjusts the power factor through the substation 300, where the 
substation adjusts the power factor of the premises 314 
though the collector 302 such that the power factor of the 
premises 314 are about unity. 
0058. The description of the invention is merely exem 
plary in nature and variations that do not depart from the gist 
of the invention are intended to be within the scope of the 
invention. Such variations are not to be regarded as a depar 
ture from the spirit and scope of the invention. 

What is claimed is: 
1. A charging system connectable to a power grid having a 

monitoring device, wherein the monitoring device monitors 
the power delivered to a plurality of loads and determines a 
power factor and a power factor correction value associated 
with the loads, wherein the power factor correction value 
indicates the difference between the power factor and unity, 
comprising: 

an electrical device; 
a charger in communication with the electrical device for 

Supplying power to the electrical device, the charger 
Supplying an output Voltage to the electrical device; 

a charging controller in communication with the charger 
and the electrical device, wherein the charging control 
ler calculates a target output signal for charging the 
electrical device; 

a power factor correction circuit selectively connectable to 
the power grid and configured to communicate an input 
Voltage and an input current to the charger from the 
power grid, and wherein the power factor correction 
circuit is configured to communicate the input current 
from the electrical device to the power grid; 

a communication device configured to receive a data signal 
from the monitoring device wherein the data signal is 
indicative of the power factor correction value associ 
ated with the plurality of loads monitored by the moni 
toring device; and 

a controller in communication with the power correction 
factor circuit, the communication device, the charging 
controller, and the charger, wherein the controller 
includes: 
a first control logic for monitoring the input voltage, the 

input current, the output Voltage, the target output 
signal, and the data signal indicative of the power 
factor correction value from the communication 
device; 

a second control logic for calculating a target input cur 
rent that adjusts the power factor to unity, wherein the 
target input current is dependent on the input voltage 
and the power factor correction value; 

a third control logic for calculating a controller com 
mand signal that is communicated to the power factor 
correction circuit, wherein the controller command 
signal is based on the target input current, the output 
Voltage and the target output signal; and 

a fourth control logic for commanding the power factor 
correction circuit to change the input current to a 
value that causes the power factor to change to about 
unity. 
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2. The charging system of claim 1 wherein the controller 
includes a fifth control logic for calculating an achieved 
power factor correction of the power grid that is based on the 
power factor and the power factor correction value, wherein 
the achieved power factor correction is created by the power 
factor correction circuit changing the input current to the 
value that causes the power factor to change to about unity. 

3. The charging system of claim 2 wherein the achieved 
power factor correction indicates the duration and amount of 
input current communicated to and from the power grid. 

4. The charging system of claim 1 wherein the controller 
command signal is based on a charging mode of the charger. 

5. The charging system of claim 4 wherein the charging 
mode is one of trickle charging, rapid charging, and balanc 
ing. 

6. The charging system of claim 1 wherein the electrical 
signals indicating the power factor correction value are one of 
Broadband Over Power Line (BPL), Power Line Communi 
cations (PLC), Fixed Radio Frequency (RF) networks, wire 
less networks, and public networks. 

7. The charging system of claim 1 wherein the monitoring 
device is one of a smart meter and a utility AMI. 

8. The charging system of claim 1 wherein the communi 
cation device is configured to receive electrical signals from 
the monitoring device indicating a relative magnitude of a 
harmonic distortion current of the power grid. 

9. The charging system of claim 1 wherein the controller 
and the power factor correction circuit are integrated into a 
single module. 

10. The charging system of claim 1 wherein the electrical 
device is one of a rechargeable NiCd battery, a nickel metal 
hydride battery, and a lithium ion battery. 

11. The charging system of claim 1 wherein the target 
output signal is one of a target output Voltage and a target 
output current. 

12. An electrical system, comprising: 
a power grid having a monitoring device and a plurality of 

loads, wherein the monitoring device monitors the 
power delivered to the plurality of loads and determines 
a power factor and a power factor correction value asso 
ciated with the loads, wherein the power factor correc 
tion value indicates the difference between the power 
factor and unity; and 

a charging system connectable to the power grid, compris 
ing: 
an electrical device; 
a charger in communication with the electrical device 

for Supplying power to the electrical device, the 
charger Supplying an output Voltage to the electrical 
device; 

a charging controller in communication with the charger 
and the electrical device, wherein the charging con 
troller calculates a target output signal for charging 
the electrical device; 

a power factor correction circuit selectively connectable 
to the power grid and configured to communicate an 
input Voltage and an input current to the charger from 
the power grid, and wherein the power factor correc 
tion circuit is configured to communicate the input 
current from the electrical device to the power grid; 

a communication device configured to receive a data 
signal from the monitoring device wherein the data 
signal is indicative of the power factor correction 
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value associated with the plurality of loads monitored 
by the monitoring device; and 

a controller in communication with the power correction 
factor circuit, the communication device, the charging 
controller, and the charger, wherein the controller 
includes: 
a first control logic for monitoring the input voltage, the 

input current, the output Voltage, the target output 
signal, and the data signal indicative of the power 
factor correction value from the communication 
device; 

a second control logic for calculating a target input cur 
rent that adjusts the power factor to unity, wherein the 
target input current is dependent on the input voltage 
and the power factor correction value; 

a third control logic for calculating a controller com 
mand signal that is communicated to the power factor 
correction circuit, wherein the controller command 
signal is based on the target input current, the output 
Voltage, a charging mode of the charger, and the target 
output signal; and 

a fourth control logic for commanding the power factor 
correction circuit to change the power factor correc 
tion circuit to a value that causes the power factor to 
change to about unity. 

13. The electrical system of claim 12 wherein the controller 
includes a fifth control logic for calculating an achieved 
power factor correction of the power grid that is based on the 
power factor and the power factor correction value, wherein 
the achieved power factor correction changing the input cur 
rent to the value that causes the power factor to change to 
about unity. 

14. The electrical system of claim 12 wherein the monitor 
ing device is one of a Smart meter and a utility AMI. 

15. The electrical system of claim 12 wherein the power 
grid is a residential utility system. 

16. The electrical system of claim 12 wherein the monitor 
ing device of the power grid is in communication with a 
second power grid including a second monitoring device, 
wherein the second electrical power system includes a second 
power factor. 

17. The electrical system of claim 16 wherein the power 
correction factor circuit of the power grid changes the second 
power factor of the second power grid to be about unity. 

18. A method of correcting a power factor in a power grid 
by a charging system, comprising the steps of 

connecting the power grid to the charging system; 
monitoring the power delivered to a plurality of loads by a 

monitoring device of the power grid, wherein the moni 
toring device determines a power factor and a power 
factor correction value associated with the loads, and 
wherein the power factor correction value indicates the 
difference between the power factor and unity; 

transmitting a data signal from the monitoring device to a 
communication device of the charging system that is 
configured to receive the data signal, wherein the data 
signal is indicative of the power factor correction value 
associated with the plurality of loads monitored by the 
monitoring device; 

delivering an input Voltage and an input current to the 
charging system through a power factor correction cir 
cuit and to a charger, wherein the powerfactor correction 
circuit is configured to communicate the input current to 
and from the power grid; 
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Supplying power from the charger to an electrical device, 
wherein the charger Supplies an output Voltage to the 
electrical device, wherein a charging controller that is in 
communication with the charger and the electrical 
device calculates a target output signal for charging the 
electrical device; 

monitoring the input Voltage, the input current, the output 
Voltage, the target output signal, and the data signal indicative 
of the power factor correction value from the communication 
device by a controller; 

calculating a target input current by the controller, wherein 
the target input current adjusts the power factor to unity, 
and where the target input current is dependent on the 
input voltage and the power factor correction value; 

calculating a controller command signal that is communi 
cated from the controller to the power factor correction 
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circuit, wherein the controller command signal is based 
on the target input current, the output Voltage and the 
target output signal; and 

commanding the power factor correction circuit to cause 
the power factor correction circuit to change the input 
current to a value that causes the power factor to change 
to about unity. 

19. The method of claim 18 further comprising the step of 
calculating an achieved power factor correction of the power 
grid based on the power factor and the power factor correction 
value, wherein the achieved power factor correction is created 
by the power factor correction circuit changing the input 
current to the value that causes the power factor to change to 
about unity. 

20. The method of claim 18 further comprising the step of 
basing the controller command signal on a charging mode of 
the charger. 


